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ABSTRACT 
 

We are developing an automated system for analysis of microcalcification clusters on serial mammograms.  Our 
automated system consists of two stages: (1) automatic registration of corresponding clusters on temporal pairs of 
mammograms producing true (TP-TP) and false (TP-FP) pairs; and (2) characterization of temporal pairs of clusters as 
malignant and benign using a temporal classifier. In this study, we focussed on the design of the temporal classifier. 
Morphological and texture (RLS and GLDS) features are automatically extracted from the detected current and prior 
cluster locations. Additionally, difference morphological and RLS features are obtained. The automatically detected 
cluster locations on the temporal pairs may deviate from the optimal locations as selected by expert radiologists. This 
will introduce “noise” to the extracted features and make the classification task more difficult.  Linear discriminant 
analysis (LDA) and support vector machine (SVM) classifiers were trained to classify the true and false pairs. Leave-
one-case-out resampling method was used for feature selection and classifier design. In this study, 175 serial 
mammogram pairs containing biopsy-proven microcalcification clusters were used. At the first stage of the system, 85% 
(149/175) of the TP-TP pairs were identified with 15 false matches within the 164 image pairs that had computer-
detected clusters on the priors. At the second stage, an average of 7 features were selected (4 difference morphological, 1 
difference RLS and 2 current GLDS).  The LDA and SVM temporal classifiers achieved test Az of 0.83 and 0.82, 
respectively, for the classification of the 164 cluster temporal pairs as malignant or benign. In comparison, an MQSA 
radiologist achieved an Az of 0.72.  Both the LDA and SVM classifiers were able to classify the automatically detected 
temporal pairs of microcalcification clusters with accuracy comparable to that of an experienced radiologist.   
    
 
Keywords: Computer-Aided Diagnosis, Interval Changes, Microcalcification Classification, Feature analysis, 

Mammography, Malignancy. 
 

1. INTRODUCTION 
 

Mammography is currently the most effective method for early breast cancer detection1,2.  Radiologists 
routinely compare mammograms from a current examination with those obtained in previous years, if available, for 
identifying interval changes, detecting potential abnormalities, and evaluating breast lesions.  It is widely accepted that 
analysis of interval changes in mammographic features is very useful for both detection and classification of 
abnormalities3,4.  A variety of computer-aided diagnosis (CAD) techniques have been developed to detect 
mammographic abnormalities and to distinguish between malignant and benign lesions.  We are studying the use of 
CAD techniques to assist radiologists in interval change analysis. 
 

Commonly used classification methods for CAD use information from a single examination.  These methods 
have been shown to perform well in lesion classification problems5-14.  However, when multiple-year mammograms of a 
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lesion are available, it is not trivial to design computer vision methods to use the temporal information for computer-
aided classification and to improve the differentiation between benign and malignant masses. 
 

The goal of our research is to develop a technique for computerized analysis of temporal differences between a 
microcalcification cluster on the most recent mammogram and a prior mammogram of the same view15.  The computer 
system can be used to assist radiologists in evaluating interval changes and thus distinguishing between malignant and 
benign microcalcification clusters for CAD.  It will also be useful for improving the identification of new or growing 
clusters in a detection system or for improved classification of malignant and benign clusters in a diagnostic system.  In 
our previous studies we have demonstrated that interval change analysis can improve differentiation of malignant and 
benign masses16,17.     

 
The purpose of this study is to compare the performance of different classifiers for the task of automated 

characterization of microcalcification clusters using interval change information on serial mammograms.  With an 
automated system, noise is introduced by the imperfect registration and imperfect detection of the clusters on both 
current and prior mammograms.   This analysis will be useful for understanding the advantages and limitations of the 
classifiers when performing in noisy conditions.  

 
2. MATERIALS AND METHODS 

 
Our automated system consists of two stages: (1) registration of corresponding clusters on temporal pairs of 

mammograms, and (2) characterization of the temporal pairs of clusters as malignant and benign (Fig. 1).  A description 
of the detection method and the database used is given below. 
 
 

 
Figure 1. Block-diagram of the registration – classification CAD for temporal microcalcification clusters. 
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2.1  Registration of corresponding microcalcification clusters in serial mammograms 
 

In the first stage, based on the location of a detected cluster on the current mammogram, a regional registration 
procedure identifies the local area on the prior that may contain the corresponding cluster. An automated detection 
program is used to detect cluster candidates within the local area (Fig. 2) that may include true positives (TP) and false 
positives (FPs).  The cluster on the current image is then paired with the candidates to form true (TP-TP) or false (TP-
FP) pairs (Fig. 2). A correspondence classifier is used to reduce the false pairs (TP-FP). This technique was presented in 
detail previously18. 

    

 
Figure 2. Automated registration resulting in true (TP-TP) and false (TP-FP) pairs by pairing the cluster on the current image with the 

detected TP and FP candidates on prior image. 
 
 

2.2  Classification of automatically detected and registered temporal pairs of microcalcification clusters  
 

In the second stage, a temporal classifier based on current and prior information is used if a cluster is detected 
on the prior, and a current classifier based on current information alone is used if no prior cluster is detected. In this 
study, we focussed on the design of the temporal classifier (Fig. 3). Morphological and texture features including run 
length statistics (RLS) and gray level dependance statistics (GLDS) are automatically extracted from the detected 
current and prior cluster locations. Sixty four GLDS features, 20 morphological features and 20 RLS features and the 
cluster size were extracted.  Additionally, 20 difference morphological and 20 difference RLS features are obtained by 
subtracting a prior feature from the corresponding current feature. The automatically detected cluster locations on the 
temporal pairs may deviate from the optimal locations as selected by expert radiologists. This will introduce “noise” to 
the extracted features and make the classification task more difficult.  Linear discriminant analysis (LDA) and support 
vector machine19 (SVM) classifiers were trained to classify the true and false pairs.  
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Figure 3. Block-diagram of the temporal classifier for classification of malignant and benign microcalcification clusters. Both TP-TP 

and TP-FP pairs can be input to the system. 
 

 
2.3  Data set 

 
In this study, 175 serial mammogram pairs containing biopsy-proven microcalcification clusters were used, of 

which 51 were biopsy-proven to be malignant and 124 benign. An experienced MQSA radiologist identified the gold 
standard cluster locations on corresponding mammogram pairs.  On the priors, the radiologist rated 12 of the 175 
clusters as not visible and the subtlety of 18 clusters as 9 or 10 on a scale of 10 (1=most obvious, 10=subtlest). 

 
The mammograms were digitized with a LUMISCAN 85 laser scanner at a pixel resolution of 50µm ×  50µm 

and 4096 gray levels. The image matrix size was reduced by averaging every 2 x 2 adjacent pixels and down-sampled by 
a factor of 2 to obtain images with a pixel size of 100µm × 100µm for analysis by the computer.  

 
2.4  ROC analysis 
 

Leave-one-case-out resampling method was used for feature selection and classifier design. Stepwise feature 
selection was used to obtain the best feature set. To evaluate the classifier performance, the training and test 
discriminant scores were analyzed using receiver operating characteristic (ROC) methodology20.  The discriminant 
scores of the malignant and benign microcalcification clusters were used as decision variables in the LABROC1 
program21, which fits a binormal ROC curve based on maximum likelihood estimation.  The classification accuracy was 
evaluated as the area under the ROC curve, Az. 
 

3. RESULTS 
 
At the first stage of the system, 85% (149/175) of the TP-TP pairs were identified with 15 false matches within 

the 164 image pairs that had computer detected clusters on the priors.  Therefore 164 temporal image pairs (149 TP-TP 
and 15 TP-FP), of which 49 were malignant, were used for classification as malignant and benign. At the second stage, 
an average of 7 features were selected.  The selected features included 4 difference morphological features, 1 difference 
RLS feature and 2 GLDS features from the current image.  The SVM and LDA temporal classifiers were used for the 
classification of the 164 cluster temporal pairs. SVMs with dot kernel, radial kernel and tanh kernel (neural kernel) were 

Discriminant Score 

Difference 
Features 

Current 
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Prior 
Features 
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studied. The training and testing results are presented in Table 1.  The SVM classifier achieved test Az of 0.82±0.03. 
The LDA classifier achieved test Az of 0.83±0.03. In comparison, the MQSA radiologist achieved an Az of 0.72±0.04 
for the 164 temporal pairs.   The difference in Az between any one of the classifiers and the radiologist did not achieve 
statistical significance. 

 
 

Table 1. SVM classification results based on 7 selected features. 
 

SVM Type Training Az Test Az Number SV 
Dot Kernel 0.87±0.03 0.82±0.03 78 
Radial Kernel 0.86±0.03 0.81±0.03 89 
Tanh Kernel 0.86±0.03 0.82±0.03 83 

 
 
 

4. CONCLUSION 
 

We studied the use of the LDA and SVM classifiers for the classification of automatically detected temporal 
pairs of microcalcification clusters as malignant or benign.  Both the LDA and SVM classifiers were able to classify the 
automatically detected temporal pairs of microcalcification clusters with an accuracy comparable to that of an 
experienced radiologist. The SVMs with dot kernel, radial kernel, and tanh kernel had comparable performance with the 
radial kernel being slightly worse than the other two. The LDA and SVM classifiers also had comparable performance. 
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